Highly purified natural killer (NK) cell lines and clones, displaying the typical phenotype, morphology and function and obtained from healthy blood donors, were infected in vitro with the BRU isolate of human immunodeficiency virus type 1 (HIV-1). There was no significant increase in reverse transcriptase activity and levels of p24 antigen in the supernatants, but positive staining was observed using an immunogold technique with polyclonal anti-HIV-1 antibodies. When infected NK cells were co-cultivated with autologous noninfected CD4 + mitogen-activated cells, significant levels of reverse transcriptase activity and p24 antigen in supernatants were detected. Giant syncytial cells and a high number of mature virion particles were also evident. When NK cell lines or clones from HIV-1-infected patients were studied, neither the presence of p24 antigen nor reverse transcriptase activity was detected in the supernatants after stimulation with mitogens, cytokines or co-culture with allogeneic CD4 + mitogen-activated cells. PCR studies did not detect HIV-1 genes in freshly purified NK cells, cell lines or clones from infected patients. Taken together these results suggest that (i) normal NK cells can be infected in vitro by the HIV-1 BRU isolate in a non-productive fashion, (ii) PCR with NK cell DNA of HIV-l-infected patients indicates that in vivo few of these cells, if any, are infected by HIV-1 and (iii) the mechanisms responsible for the impairment of NK cell function during HIV-1 infection remain to be determined and are probably not related to a direct cytopathic effect of the virus.
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The diminution in numbers of CD4 + lymphocytes, one of the hallmarks of human immunodeficiency virus (HIV) infection (Gottlieb et al., 1981) , may be a consequence of the selective tropism of the virus for the CD4 molecule (Dalgleish et al., 1984; Klatzmann et al., 1984a, b; McDougal et al., 1986; Popovic et al., 1984) . It has now been demonstrated, however, that other cells, such as macrophages (Gartner et al., 1986; Ho et al., 1986; Nicholson et al., 1986; Roy et al., 1988) , Langerhans cells (Kolata, 1986) , Epstein-Barr virus (EBV)-immortalized B lymphocytes (Levy et al., 1985) , progenitor cells of normal bone marrow (Folks et al., 1987 (Folks et al., , 1988 and, more recently, natural killer (NK) cells (Chehimi et al., 1991) , can also be infected with the virus despite the absence, in some cases, of detectable CD4 molecules at their membranes or CD4-specific mRNA. Bonavida et al. (1986) related NK cell dysfunction in AIDS patients to the abnormal release of natural killer cytotoxic factor by the cells, but the cause of this abnormality could not be determined. In our laboratory, the impairment of NK cell activity during HIV type 1 (HIV-1) infection was also observed at the clonal level and was not restored by long-term culture in interleukin-2 (IL-2)-supplemented medium (Scott-Algara et al., 1992). In previous work, using a cytofluorometric double labelling technique, a moderate depletion of CD 16 + cells was reported, even at initial stages of infection, and this became more pronounced and paralleled disease progression. This depletion was mainly accounted for by a decrease in the number of CD 16 + cells co-expressing lowdensity CD8 molecules (Vuillier et al., 1988 a, b) . Because of these observations and because evidence of NK cell infection in vitro by HIV-1 has also been reported (Robinson et al., 1988; Chehimi et al., 1991) , the potential capacity of HIV-1 (BRU isolate) to infect highly purified NK cell lines and clones in vitro was examined. We also looked for the presence of HIV-1 genes in DNA of NK cells from HIV-1-infected patients by using PCR.
The experiments were performed on clonal or highly purified NK cell lines (Scott-Algara et al., 1991 from normal adult controls or from HIV-l-infected patients. CD4 cells]. Controls were NK cell lines and HIV-1-negative clones incubated without addition of BRU supernatant. After extensive washing, both NK cell lines or clones, incubated or not with HIV-1-BRU, were maintained in culture for 72 h in the presence of recombinant IL-2 and without a feeder layer, which was only added 3 days after infection. Feeder cells [inactivated peripheral blood lymphocytes (PBLs) and EBVinfected B cells] and a sorted CD8 + CD16-cell line preincubated with HIV-1 BRU were cultured under the same conditions as the NK cells: culture medium was added every 4 days, and irradiated allogeneic PBLs and the irradiated LAZ-399 B cell line were also added weekly. In one set of the experiments, CD4-bearing cells were added weekly to HIV-1 BRU preincubated feeder cells. The BRU virus suspension kept in the culture medium lost the ability to infect the MOLT cell line after 10 days of culture. RT activity was measured according to Willey et al. (1988) and p24 antigen production was detected by an ELISA (Diagnostics Pasteur). Fig. 1 depicts the results observed in a representative case of this series of experiments. As expected, high levels of RT activity and p24 antigen expression were observed when the autologous CD4 cell line was infected with the BRU isolate. No significant increase in either RT or p24 antigen was observed in the infected or non-infected NK cells. Although there was less growth of the BRUincubated NK cell line than of the non-infected cell line, no cytopathic effect on these cells was detected by optical microscopy.
At day 19, 106 autologous uninfected CD4 + cells were added to both non BRU-incubated and BRU-pre-incubated NK cells, as well as to irradiated feeder cells and the CD8 + CD16 cell line. Large and sustained increases in p24 release and RT activity were observed, from days 27 and 37 respectively, in the case of NK cells preincubated with BRU. By contrast, no augmentation was detected for BRU-preincubated NK cells in the absence of CD4 cells. Negative results were observed with infected feeder cells, non-infected NK cells and purified infected CD8 + CD 16 cells, despite the addition of CD4 cells (Fig. 1) . Similar results were observed with the other NK cell lines and clones derived from normal controls. The fact that this phenomenon was also observed with NK clones reduces the possibility of minor contamination by CD4 + cells, and the absence of HIV-1 expression by irradiated feeder cells confirms that these irradiated cells were not infected by HIV-1 and hence did not pass on the virus to autologous CD4 cells. Moreover, infection of the NK cells was not blocked by preincubation with CD4 monoclonal antibody (results not shown).
Taken together, these results provide direct evidence at the clonal level of the in vitro infectivity of NK cells by the BRU HIV-1 isolate. Indirect evidence of this occurrence was obtained by Robinson et al. (1988) , who observed CD 16 + cells co-expressing HIV-1 antigens after infection of PBLs with HIV-1. Because these authors were not working with isolated NK cells, however, their results could not be considered conclusive. In agreement with previous reports concerning promonocytic tumour cells and peripheral blood monocytes (Clapham et al., 1987; Folks et al., 1988b; Hammer et al., 1986; Levy et al., 1985; Nicholson et al., 1986) , in vitro NK infection by HIV-1 was followed by a large decrease in the in vitro proliferative capacity of NK cells. Chehimi et al. (1991) demonstrated that NK cells could be infected in vitro by different isolates of HIV-1. Infection was followed by inhibition of NK cell growth. Under their experimental conditions, however, infection of NK cells was detected by the production of p24 antigen and the presence of RT activity; we observed p24 production and RT activity only after co-culture of NK cells with CD4-bearing cells.
Culture conditions were different in that we used a feeder layer for long-term cultured NK cells. Although irradiated activated T lymphocytes have been claimed to replicate HIV-1, replication of the virus was not detected in our feeder cells (inactivated PBL and an EBV-infected B cell line). Factors secreted by feeder cells, such as cytokines or growth factors, may influence transcription of HIV-1 in NK cells (Naume et al., 1991) . When NK cell lines and clones from HIV-l-infected individuals were put in culture and stimulated either with mitogens and cytokines (tumour necrosis factor alpha, interferon gamma) or co-cultivated with the non-infected allogeneic CD4 cell line, however, neither RT activity nor the presence of p24 antigen in culture supernatants was observed (results not shown). Further studies are currently in progress to define more clearly the role of the feeder cells under our experimental conditions. Finally, as previously suggested by Chehimi et al. (1991) , the possibility should be considered that the HIV-1 BRU isolate could display an atypical pattern of infectivity in NK cells.
At day 45 after infection, infected and non-infected cultures were harvested and the cells were processed for transmission electron microscopy (TEM). NK cell lines, infected or not with BRU, were fixed with 2-5% glutaraldehyde and incubated with human polyclonal anti-HIV-1 serum at 1/50 dilution, followed by incubation with Protein A coupled to colloidal gold. Immunogold particles, as well as a virus-like particle, are observed within the cytoplasm of these cells but very few such structures were seen (< 1/500), and in no cases were typical HIV-1 viral particles found. In the noninfected NK cell line, no immunogold labelling was observed. In contrast to the absence of typical viral particles in the infected NK cell line, high numbers of syncytial cells and mature virions, located either in the membrane or in the interstitial space, were evident in the case of co-cultured infected NK cells. Uninfected NK cells under the same conditions were negative for HIV-1 particles or immunolabelling (results not shown).
The TEM results were consistent with the idea that NK cells can be infected in vitro, in a non-productive fashion, by HIV-1. These NK cells may constitute, as is the case for monocytes and progenitor myeloid cells, a further reservoir for the virus. It is possible that infection may be incompatible with survival for some of these cells at least, and upon cell death mature virions would be released into the medium, accounting for the infection of autologous CD4 cells. We failed, however, to detect significant levels of p24 antigen in culture supernatants from normal infected NK cells or from cell lines and clones derived from HIV-1-seropositive patients.
Alternatively, infected NK cells may express gpl20, which could lead to fusion with CD4 cells and further infection of the latter; our results with human anti-HIV-1 serum, however, indicated positive cytoplasmic staining of infected NK cells, but membrane labelling was not detected (< 1/1000 on flux cytometry analysis, results not shown).
The mechanism involved in HIV-1 penetration into NK cells is still unclear. The infection of NK cell lines and clones in the absence of detectable surface CD4 does not rule out the presence of this protein at very low levels, although membrane expression of CD4, as well as m R N A for the CD4 molecule, has never been detected in N K cell clones (Chehimi et al., 1991) . Recently, Triebel et al. (1990) reported the presence of LAG-3, a molecule of 51K on the surface of clonal N K cells, which has significant similarity to the CD4 molecule. The LAG-3 protein may have biological properties similar to those of CD4, including affinity interactions with HIV-1, and this molecule may, therefore, be involved in the infection of NK cells by HIV-1. However, infection of the NK cells by HIV was not blocked when they were preincubated with CD4 monoclonal antibody. NK cells could also be infected in vivo via their Fc receptor when they attacked a target CD4 cell expressing the gpl20-anti-gpl20 complex at the membrane. Nevertheless, our results were obtained in the absence of anti-HIV-1 antibodies. It has been claimed that NK ceils have some phagocytic activity (Abo et al., 1986; Garcia-Penarrubia et al., 1989) , so the possibility also exists that phagocytosis might serve as a mechanism for viral entry. PCR and DNA extraction were performed as described (Ou et aL, 1988; Sambrook et aL, 1989) . Amplified DNA was transferred to a membrane and hybridized with the gag-specific probe SK19. Lanes 1 to 8, freshly isolated NK cells; lanes 1' to 8', their respective NK cell lines. Lane 9, freshly isolated CD4 cell HIV-I proviral DNA; lane 9', positive DNA controk Amplification was obtained only in lanes 9 and 9' (controls). Under the conditions of the experiment 50 copies of DNA template would be detected. We lysed 150 × 103 cells, and conclude that < 50 copies of the gag gene were present in the preparations. The positive control in lane 9' contained 103 copies of this gene.
Detection of HIV-related sequences in infected NK cells was performed by PCR analysis using 10 pairs of primers covering the genomes of HIV-1 and HIV-2 (see Table 1 ; Myers, 1990) . DNA extraction was carried out according to Sambrook et al. (1989) . DNA was first denatured for 20 min at 100 °C in the presence of the primers and 100 tal of paraffin oil. After cooling in an ice-cold water-bath for 1 min, the reaction mixture was added and amplification was performed for 40 cycles on a PHC2 thermocycler (Techne). Each cycle comprised denaturation (95 °C for 10s), annealing (60°C for 1 min) and elongation (78 °C for 1 min). After the last cycle, the final extension was for 15 min at 78 °C. Results obtained by PCR analysis are shown in Fig. 3 (Folks et aL, 1988 b) . This experiment was used as the positive control for each PCR amplification and to determine the sensitivity of the primers, which enable detection of five to 10 copies per tube (Folks et al., 1988b) . It showed that all the primers display similar affinities for HIV-1 DNA. PCR analysis was negative for in vitro infected CD4 and NK cells at days 0 and 3. Infected macrophages from the same patient were found to be positive for the seven genes at day 7 after infection. At day 7, all of the above mentioned genes, with the exception of v~ were detected in CD4 cells, whereas none of the genes were detected at day 7 in NK ceils. These data suggest that very few, if any, NK cells are infected by HIV-1 and/or that there is a differential latency in HIV-1 infection between CD4 cells, macrophages and NK cells. These experiments revealed differential detection of HIV-related sequences; whereas all the screened HIVspecific genes were detected in CD4 cells and macrophages 7 days after infection, none appeared in the NK cells of HIV-l-infected individuals. Because some RT activity has been reported for Taq polymerase (Jones & Foulkes, 1989; Tse & Forget, 1990) , the inability to detect HIV-1 sequences at days 0 and 3 indicates the absence of viral particles attached to the cell membrane. These data suggest that no, or very few, NK cells are infected by HIV-1 in vivo. Either the presence of few viral copies and/or a high latency in infection could explain the results observed after addition of autologous noninfected PHA-stimulated CD4 cells. The interaction between infected NK cells and non-infected CD4 cells could amplify viral expression by an unknown mechanism without participation of viral particles, as previously reported (Sato et al., 1992) . Electron microscopic examination indeed suggests that the cell-cell fusion and initiation of viral DNA synthesis do not involve the participation of viral particles. It is possible that noninfected CD4 cells supply a factor absent from NK cells or inactivate an inhibitor present in NK cells.
The failure to detect HIV-1 DNA in NK cells from 22 infected patients argues against the presence of incomplete HIV-1 integration and again suggests that only a few, if any, NK cells are infected in vivo. The impaired function of NK cells during HIV-1 infection cannot, therefore, be explained by direct infection of these cells, suggesting the existence of an indirect mechanism. The data presented support the idea that the state of non-response during HIV-1 infection is a complex phenomenon which cannot be exclusively related to the cytopathic effect of the virus.
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